Data are given on the accuracy of the balanced thermocouple and filter radiometer as a standard ultra-violet dosage intensity meter.
The erythema produced by the radiometrically measured amount of heterogeneous ultra-violet radiation is compared with that produced by a measured amount of homogeneous radiation of the emission line of mercury, at 297 m/x, which is used as a standard.
This requires the determination of the ultra-violet spectral energy curve, and the total ultra-violet of wave lengths less than and including 313 m^t, of the source under test. An exact knowledge of the spectral erythemic response of the skin is also required (RP433)
Sources differing markedly in ultra-violet spectral energy distribution were investigated, including as extremes the sun, and the so-called "cold quartz" mercury vapor lamp.
A close agreement was found between the physiologically and the radiometrically determined erythemogenic efficiency of all the sources examined, including the sun, the Mazda S-l and S-2 lamps, the high temperature quartz mercury arc lamp, and the carbon arcs of "therapeutic B, C, and white flame," carbon electrodes.
A specification is given (a) of minimum intensity to insure effective therapeutic results, and (b) of the erythemogenic unit of dosage; both in terms of the emission line of mercury, at 297 rn.fi, as a standard.
On the basis that a minimum intensity of 20 ja If/cm 2 of homogeneous radiation of wave length 297 m/n is desirable, the erythemogenic equivalent of heterogeneous ultra-violet radiation of These various methods are photo-electric, photochemical, photographic, and photometric. They are simple to operate; but the chief difficulty in their use is that they must be calibrated on an arbitrary basis, and there is no unchangeable source of ultra-violet radiation which can be used as a standard of comparison. This is exemplified in a recent investigation (1) x during the culmination of which work, certain inconsistencies were found in the photo-electric measurements, which indicated a decrease in the intensity of the source (a quartz mercury arc lamp) used as a standard.
In the preliminary search for a primary standard dosage intensity meter, the writers have tried the isolation of the ultra-violet of wave lengths less than and including 313 mju in one wide band by means of a quartz spectrograph (4) Table 2 . This factor would, of course, be different for a barium flint glass filter having a different ultra-violet spectral transmission (16) from the one used ; but the use of such a filter would change the value in column 1 of Table 2 and, within the errors of observation, would not affect the value sought, which is given in column 6 of Table 3 .
As shown in the preceding paper (3) the value of the total ultraviolet of wave lengths less than 313 m/*, obtained by the filter method, is somewhat higher than the value obtained by summation of the spectral measurements. However, from the herein recorded physiological (erythemal) measurements, in which there is no systematic difference between the physiological and radiometric evaluation of the ultra-violet emitted by various sources, it appears that the filter method gives an accurate appraisal of the ultra-violet emitted by the source as a whole, including the reflector. Such an appraisal of the radiation from a lamp and its reflector is not practicable by spectral energy measurements. Table 3 . Determination of the factor F (used in In view of the necessity of making these two types of erythemal tests, in addition to the quartz-fluorite achromatic lens spectroradiometer for determining the spectral energy data of the lamp under investigation, a large quartz lens and prism spectropyrheliometer (4) Nevertheless, in spite of these limitations, it is possible by careful procedure and observation, to procure reliable comparisons of the intensity of ultra-violet radiation of different sources by means of the erythema produced.
The various details in determining the spectral erythemic response of the untanned human skin are described in a preceding paper (5) .
Briefly stated the exit slit ( fig. 2) given to the fact that the erythemal reaction to the short wave lengths is more rapid in development and of shorter duration than to the longer wave lengths. In fact, on exposure to heterogeneous radiation (for example, the blue flame carbon arc) having intense emission bands in the region of 250 and 297 mju, the two erythemic reactions seem to merge ; the intensity of the erythema produced by the shorter ultra-violet wave lengths at 250 m/z, decreasing as the intensity of the erythema excited by the longer wave lengths in the region of 297 m/z, is increasing. However, the purpose of the investigation is to establish a method of estimating the intensity of the source and thus avoid burning of the skin by overexposure. This minimum perceptible erythema (that is, one that disappears in less than 24 hours and does not start pigmentation) is merely a useful criterion for indicating the physiological effectiveness of the radiation used.
To derive the erythemogenic efficiency of a heterogeneous source of ultra-violet radiation the ordinates of the observed spectral energy curve are multiplied by the respective ordinates of the spectral erythemic response curve (5) . The resulting rubescence curve (see p. 735 and 747 of reference (3) ) is analogous, in principle, to the luminosity curve of a source of light (10) . The ratio of the shaded areas to the total areas of wave lengths less than 313 m/z, in Figures 3 and 4 Table 4 . I For completeness in exposition of the subject a brief description is givenjof each source examined.
(a). THE SUN In view of the impracticability of observing solar spectral energy curves, under different atmospheric conditions, a standard spectral energy curve was adopted, as explained on page 733 of the preceding paper (3) . The rubescence curve is shown in Figure 3 . As explained in detail on page 743 of the preliminary paper (3) , and as shown in Table 4 , the agreement between the observed and the calculated values of the erythemogenic efficiency is as close as can be expected. -Ultra-violet spectral energy distribution of various sources; also spectral erythemic response curve of the untanned skin and {the shaded areas) the rubescence energy which is the product of the spectral energy and the spectral erythemic response E. E.= erythemogenic efficiency; the ratio of the shaded area to the total area. F-factor "F."
The particular kinds of electrodes used were the white flame (" sunshine"), the blue flame (" therapeutic B"), and the polymetallic cored carbon electrode (" therapeutic C") made by the National Carbon Co. Similar spectral energy measurements on the carbon arc were made some years ago (11) .
The electrodes, which were 10 mm in diameter, were operated on 26.5 amperes, 33 volts (across the arc) of an a. c. circuit. They were operated in a horizontal position, in a lamp that was provided with an automatic motor-feed mechanism. Finding that the magnet controls of the feed mechanism affected the galvanometer, the motorfeed device was operated by hand with a double-throw switch for Spectral energy curves of carbon arcs, and (the shaded areas) rubescence curves which are the product of the spectral energy and the spectral erythemic response E. S.=erythemogenic efficiency; the ratio of the shaded area to the total area. F= factor "F."
The spectral energy curves, observed with a quartz-flu orite achromatic spectrometer, reduced to the normal spectrum and corrected for instrumental absorption as described under a preceding caption, are depicted in Figure 4 Table 4 .)
The spectral energy data on the Mazda S-l lamp in a Corex D bulb are depicted in Figure 3 . The crosses (xxx) indicate averages of similar measurements on 26 lamps, published by Forsythe (12) and his collaborators, showing the good agreement between the two laboratories.
The shaded areas represent the rubescence energy, from which is calculated the erythemogenic efficiency, as illustrated in Table 5 of the preceding paper (3) . The slight difference between the values previously published and the new ones given in Table 4 is owing to the adoption of a new spectral erythemic response curve (5) , which is considered the most accurate yet determined. The Uviarc type of quartz mercury arc lamp operates at a high pressure and a high temperature. The type examined is the General Electric 110-volt vertical (Uviarc) lamp operated on 65 volts and about 4 amperes in the burner. Owing to the high current density, the temperature and the pressure are relatively high and the resonance emission line at 254 niju is practically of the same intensity as the lines at 302 and 313 mju, in contrast with the so-called "cold quartz" mercury vapor glow lamp (see fig. 3 ) in which the line at 254 niju contains over 95 per cent of the radiation emitted by these three lines.
As shown in Figure 3 , the spectral energy distribution in the radiation emitted by the commercial (vertical [vol. 8 The spectral energy distribution of this type of ultra-violet lamp is illustrated in Figure 3 . Of the total radiation of all wave lengths less than and including the line at 313 m/z, over 95 per cent (3) The erythemogenic efficiency of this type of lamp is high (Table 4) , but as shown in Figure 3 , practically all the erythemal effect is produced by the line at 254 m^u. The question whether this type of ultra-violet radiation should be used for body irradiation is summarized in another report (13) . In a foregoing part of this paper attention is called to the fact that a high erythemogenic efficiency of a source is not necessarily a criterion of its suitability for therapeutic purposes (6 Based upon a general survey of the problem, involving six distinct summaries of biological and physical data, the conclusion arrived at (2) [Vol. 8 The foregoing discussion leads up to the question of what should be the value of the erythemogenic unit of dosage. As indicated elsewhere (14) the numerical value should be some convenient number, neither too large nor too small.
From the data presented in Table 4 From the foregoing correlation of the physiologic and radiometric measurements, it will be evident why most of the published data, now available, appear to be inconsistent and misleading. The published measurements do not include a factor that equates the physiological (erythemal) response. As mentioned above, when this factor is taken into consideration, there is good agreement between the observed and computed times of exposure to produce a minimum perceptible erythema, using sources differing very widely in spectral quality and in total intensity of ultra-violet radiation useful for therapeutic purposes.
In conclusion the following illustration is given of the practical application of the Finsen unit. Let us suppose that, from practical experience, it is found that an irradiation of 20 F. U. per day can be given without producing an overexposure, and that a particular Mazda S-2 lamp, having a radiant flux of 100 juw/cm 2 (1,000 ergs per second) at the standard operating distance, is available for use. Then, from the above described correlations, it follows that 20 F. U. = 930,000 ergs of Mazda S-2 lamp radiation, and hence, that an exposure of (930,000-*-1,000 = ) 930 seconds or 15.5 minutes per day is required.
If it requires 100 exposures of Mazda S-2 lamp radiation to effect a cure, this will amount to a total of 2,000 F. U. This seems simpler than to report the total energy in ergs, which in this instance would amount to 93,000,000 ergs/cm
